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Case report
The patient was a 10-year-old boy who was born preterm at a gestational age of 33 weeks and 2 days. He exhibited developmental delays in growth and motor function. He first visited our center for evaluation of short stature at the age of 6 years. He was clinically diagnosed with Russell-Silver syndrome, and proteinuria was incidentally found along with hypoalbuminemia. Conventional treatment for nephrotic syndrome, including high-dose steroid and calcineurin inhibitor, had been ineffective and his renal function had deteriorated. At the age of 8 years, he suffered from right renal vein thrombosis and pulmonary embolism for which he had been treated with anticoagulants. Despite treatment, he developed persistent pulmonary hypertension, which was managed with sildenafil. He underwent living donor kidney transplantation at the age of 9 years, with his mother as the donor. His renal function was well maintained with immunosuppression using prednisolone, mycophenolate mofetil (MMF), and tacrolimus. He discontinued MMF about 70 days after the transplantation and steroid was tapered. Tacrolimus was continued with blood levels maintained at approximately 10 ng/mL. About 3 months after the transplantation, he developed pneumocystis pneumonia that necessitated mechanical ventilation and was treated with intravenous sulfamethoxazole/trimethoprim for 14 days. Steroid was increased (from 2.5 mg to 20 mg prednisolone) and continued at the same dose after discharge. On the 135th postoperative day, he presented with dysuria and gross hematuria. Biochemistry showed the following: blood urea nitrogen (BUN), 24 mg/ dL; creatinine (Cr), 0.56 mg/dL; and C-reactive protein (CRP), 0.42 mg/dL. Urinalysis revealed a red blood cell (RBC) count > 100/high power fields (HPF) and a white blood cell (WBC) count > 100/HPF. Urine culture for bacteria and BK virus were negative; however, urine John Cunningham (JC) virus polymerase chain reaction (PCR) and urine adenovirus culture were positive (1-9 cells/ HPF). He was diagnosed with hemorrhagic cystitis and was managed with hydration and pain control because of tolerable dysuria and absence of fever. After a week, dysuria and hematuria persisted with a RBC count > 100/ HPF and WBC count 1 to 4/HPF; however, his immunosuppression was maintained.
Three weeks later, he visited the emergency room with fever, general weakness, chest tightness, mild cough with persistent dysuria, and hematuria. Laboratory tests revealed BUN at 175 mg/dL, Cr at 8.29 mg/dL, and CRP at 30.23 mg/dL (Table 1) . He underwent emergent hemodialysis and was empirically treated with piperacillin/tazobactam considering the possibility of urosepsis. Sputum, blood, and urine culture results were negative; however, the adenovirus real-time PCR of sputum and blood cytomegalovirus (CMV) antigen were positive. He was presumed to have disseminated adenovirus infection and was treated with immunosuppression reduction and ganciclovir. Renal allograft biopsy showed diffuse necrotizing granulomatous tubulointerstitial nephritis ( Fig. 1 ), indicating infectious tubulointerstitial nephritis rather than rejection. Staining for CD3 and C4d was negative, indicating negativity for cellular and humoral rejection, respectively. He also tested positive for JC virus PCR and serum CMV PCR, suggesting coinfection. He was treated with ganciclovir targeting CMV, antibiotic therapy with renal impairment dose for CMV infection, granulocyte colony-stimulating factor, immunoglobulin, transfusion, and hemodialysis; however, the inflammatory marker and fever remained consistently high. Cidofovir is known to be more effective than other antiviral agents against adenovirus infection [5] . Therefore, despite its well-known nephrotoxicity, we initiated cidofovir treatment on the 167th postoperative day because of persistent infection. The patient was given cidofovir (1 mg/kg/day, 3 times/week without probenecid), a renal impairment dose of post-hematopoietic stem cell transplant adenovirus infection induction treatment, with on- going hemodialysis. After administration of 4 doses, we changed the regimen to 2 mg/kg every 2 weeks as a renal impairment dose for maintenance therapy, of which 3 treatments were completed. However, serum adenovirus PCR and cerebrospinal fluid adenovirus PCR were positive, his renal function was not recovered, and he presented generalized tonic-clonic seizure. Although treatment with vancomycin, meropenem, and acyclovir was initiated to control meningitis, his general condition continued to deteriorate. Anemia, leukopenia, and thrombocytopenia developed; these could be attributed to bone marrow suppression associated with severe infection. Despite intensive care, including mechanical ventilation and continuous renal replacement therapy, he died on the 215th day post-renal transplantation. Fig. 2 shows the summary of his clinical course and treatment.
Discussion
Adenovirus infection is defined as detection of adenovirus by immunofluorescence, culture, histology or PCR from any site. Asymptomatic adenovirus infection refers www.krcp-ksn.org to the absence of clinical symptoms whereas adenovirus disease is defined as anatomically corresponding symptoms in the absence of any other identifiable cause. Disseminated adenovirus disease is an adenovirus infection affecting two or more organs or systems [6] . Adenovirus infections after solid-organ transplantation may be asymptomatic or manifested as disseminated and severe infection with prolonged viral propagation and significant mortality and morbidity, including graft dysfunction and rejection [7] . This was the first case of disseminated adenovirus infection that led to mortality among all cases of pediatric renal transplantation treated at our center. Infection may be associated with the reactivation of a latent infection in the graft or the recipient or with a novel infection. Pre-transplant infection screening does not include adenovirus screening; therefore, we do not have information regarding the presence of a potential preexisting adenovirus infection in our patient.
Establishing a diagnosis of adenovirus infection can be challenging; infection is diagnosed when a culture or PCR is positive but it may be 3 weeks before the cytopathic changes become detectable. Quantitative real-time PCR is useful during follow-up because the presence of > 1 × 10 6 copies is associated with increased mortality [8] .
Adenovirus infection in solid organ transplantation recipients usually involves the donor organ. In renal transplantation recipients, the primary clinical presentation is acute hemorrhagic cystitis, sometimes complicated with interstitial nephritis [9] . To our knowledge, no controlled trials highlighting the benefit of any antiviral agent in human adenoviral disease have been conducted. So far, cidofovir appears to be more effective against adenovirus in vitro than any other antiviral agent; however, nephrotoxicity is a major adverse effect of cidofovir. In this patient, cidofovir was given at least a week after the infection became disseminated; however, earlier administration of cidofovir might have been more effective. In addition, it would have been useful to measure the serum viral load of adenovirus to assess the disease activity and the effect of medication. Adenoviral infections in organ transplantation patients can result in fatal complications and mortality. Therefore, adenovirus should be considered and included in all laboratory screening tests for post-renal transplantation patients with hemorrhagic cystitis. Prospective studies are warranted to better understand the pathogenesis and to develop appropriate screening and therapeutic guidelines for adenovirus infections in transplant recipients.
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